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NOTICES

This report supersedes ACTIC Technical Report No 72-4, Analvsis of
Soviet and Western Furopean Geodetic Satellite Data, December 1971. Tt
is 1ssued to present to organizations and individuals concerned with
the quality of Soviet camera systems the results of investigations
using these and .other camera svstems in a Western Furonean geodetic
satellite triangulation network. Nothing herein is to he construed

as Defense Mapping Agency doctrine.

This publication dees not contain information or material of a
co| vrighted nature, nor is a copvright pending on anv poicion thereof.
Reproduction in whole or in part is permitted for anv purpose of the
United States Government. This document is unclassified.
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ABSTRACT

An investigation has been made of Soviet camera sites at Riga and
Uzhgorod and the site at Helsinki, Finland to determine the geodetic
quality of their optical satellite observations with respect to scven
other co-observing camera sites in Western Europe. The primary objectives
were to improve the geodetic coordinates of the two Soviet sites and the
site at Helsinki with respect to the Luropean Datum and te ascertain the
quality of the instrumentation used at the Soviet sites. The objectives
regarding the Soviet sites have been met with reasonable assurance:

" 1. The Soviet camera svstems are capable of producing accurate
geodetic coordinates.

2. The Furopean Datum 50 position determined for Kiga could bhe
the most accurate thus far produced by investigators using satellite data.

3. Uzhgorod agreed well with its initial FEuropean Datum 50
coordinates.

The position at Helsinki, due to fairlv poor geomctry, is not given the
same degree of reliance as the Soviet positions.

Results of the analyvsis with respect to the European Datum also
revealed a change in geodetic height at Station Malvern, England.
Adjustments made on the geocentric SAO Standard Farth T1 Datum support the
findings of other investigators regarding a scale variance between
satellite adjustments limited to the European area and those on the
wlobal, geocentric SAO Standard Earth TT Datum.
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ANALYSIS OF SOVIET GEODETIC SATELLITE DATA
INTRODUCTION

The Defense Mapping Agency Aerospace Center (DMAAC) has completed
an analysis of satellite tracking data from the Soviet camera systems
at Riga and Uzhgorod and from Helsinki, Finland. Each of these stations
observed GEOS II in a cooperative effort with a Western European tracking
network as shown in the figure on page 2. The other participants include
Dionysos (near Athens, Greece), Zimmerwald (Switzerland), Nice and
Haute Provence (France), San Fernando (Spain), Delft (Netherlands), and
Malvern (England).

"The primary objectives of the DMAAC analvsis were to improve the
geodetic coordinates of the two Soviet sites and the site at Helsinki
with respect to ;he Furopean Datum and to ascertain the quality of the
instrumentation used at the two Soviet sites. The data used in the DMAAC
adjustment consists entirely of simultaneous photographic observations
made during the period from February 1968 to .July 1969. This data was
obtained from the National Aeronautics and Space Administration (NASA),

National Space Science Data Center.

DISCUSSION

I. Camera Systems Used

Station Delft was equipped with a Bouwers-Maksutov concentric mirror
tvpe sidereally driven camera having a 1200mm focal length and a 210mm

aperture [1). Schmidt cameras (focal length = 1040mm; aperture = 340mm)
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wefe used at Zimmerwald and at Malvern [2]. The NASA Geodetic Satellite
Observation Station Directory [3], November 1970, indicates that a

Schmidt D camera occupied the station at Haute Provence. Station Nice [4]
was occupied by a three-axis tracking camera with a 900mm focal length and
a 300mm aperture. Stations San Fernando and Dionysos [4] were equipped
with baker-Nunn cameras which have 500mm focal lengths and apertures.

Both Riga and Uzhgorod were equipped with Soviet AFU~-75 cémeras having a
focal length of 736mm and an aperture of 210mm [5]. The Helsinki Station
was occupied by a sidereally driven camera (Schmidt-Vaisala) of 1032mm
focal length and 350mm aperture [2].

2. Method of Data Analysis

‘As is noted in th¢ report by Ehrnsperger, et al [6], the station
sites used in thé variﬁus Western European adjustments differed widely
in the types of camera and timing svstems used and in their adopted
methods of data reduction. In order to use such heterogeneous data, the
data first had to be brought into homogenity at the time of the
observation. This required knowledge of the extent to which the reduction
had thus far been performed bv the agency which recorded the data. Since
this was not known for everv instance, other US agencies which had
successfully used che data were contacted to determine the reduction
methods they had used in processing the data. Mr John G. Marsh, Goddard
Space Flight Center (GSFC), NASA, was of special assistance in providing
most of the needed information. The Smithsonian Astrophvsical Observatory
(SAD) furnished further guidelines. The techniques contained in the
bhio State University. (OSU) Report 82 [7] were also used in preprocessing

the data.



Experimental methods of applyving various reduction corrections for
stellar data were used to determine as accurately as possible what
corrections were needed for reduction of data at stations where some
uncertainties still existed. This process failed to isolate only the
minute effects of the parallactic refraction correction. A temperature
of 10°C and an atmospheric pressure of 760mm were assumed to furnish an
"average" parallactic refraction correction to certain of the stations
known or presumed not to have applied it. As pointed out in the report
by Weightman and Hewitt [8]; however, the parallactic refraction correction
and phase angle correction (not applicable to active satellites) "have only
very small effects upon the final direction cosines and, while they may
explain some of the minor discrepancies, are almost negligible."

The DMAAC UNIVAC 1108 Computer Program, COBAN, was used in the
preprocessing stage for correcting the observatinnal data to the time of
observation. This program is based on work previously done by Hotter [7].
COBAN has options for correcting for the use of atomic time, removal of
provisional annual aberration (Baker-Nunn), annual aberration, precession
and nutation, diurnal aberration, light travel time, parallactic
refraction, and the time conversion from UTC to UT1. The corrections and
applications are given in Table 1.

Following the preprocessing accomplished with the COBAN Program, and
during the experimental stage, each event comprising two or more stations
having simultaneous observations of the GEOS 1I satellite was assembled

and analvzed for its acceptability. The DMAAC LEDWARDS (flash-coordinates)

o~



Table 1

Corrections Used for Completion of Data Preprocessing

Correction Stations
S 19004 | 9091 | 9431 ] 9432 | 9435 | 8009 ; S010 [ 8011 | 8015 ] 8019
| ! |
Atomic Time X X ’ | i
AS - UTC ? ! : : !
: ‘ J ? i
? | | j
Provisional X X ! | ! !
Aberrvation ‘ | [ i
) i _ g
. i | 4 i .
Annual | , ! ! . ,
Aberration X X X X! X X . i X X
H i
Precession X X X x|y x 'ox ! Pox X
. S
' ; *
Nutation X X X X X X . x| X X
i : i
i [ !
Diurnal | . ' ; i
Aberration X X X X X X ! : X X
H i
Light Time X X g !
; |
Parallactic . , ;
Refraction X X X X X X ! | X X
: 1
: i
UTl - UTC X b X X X X X ! X X X
{ |
Lo — 1 i




Program was used in this assessment. The progra~ computes satellite
coordinates and the slant ranges (station to satellite) for the stations
participating in an event and provides an error analysis which shows, in
terms of standard errors, the‘precision of the intersection made by
observations at a single point - the satellite flash. Gross errors and
quality of data and geometry were detected in this stage based on each
event.

Having survived this test, the acceptable events (some of‘which bv
their sigmas revealed poor geometry but had otherwise acceptable
observational accuracies) became eligible for an iterative least-squares
satellite triangulation adjustment. This stage of the analvsis was
performed witﬂ DMAAC's geometric satellite triangulation program, SATIN.
This adjustment provides a further check on the qualitv and geometry of
the events in terms of the entire agglomerate of the participating events
in the geometric network. Observations for which the residuals exceeded
three times the standard error of unit weight (computed for each iteration)
were eliminated. Table 2 shows the usable data after the EDWARDS and
SATIN edits. A GEOS event mav have seven usable points. At least three
of the seven were required for an event to he acceptable for the DMAAC
ad justments.

3. Weighting of Observations
CIBENE O

All observations were of necessity assumed to be of e¢qual accuracy in
the DMAAC adjustments for the following reasons:

a. The right ascension (RA) and declination (DLCY sicmas . ‘t-ondard

) were nob furnished with the 9000 series ohacrvations.,
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b. One of the 8000 series stations had many observations with sigma
values under 0720 (seconds of arc). One particular event had DEC sigmas
of 0707 which would have weighted the observations for that event to
an extreme. Since a polynomial fit is not involved in the reduction of
active satellite flash points, sigmas of this magnitude were considered
to be optimistic.

¢. Observations for another 8000 series station were all accompanied
by sigmas that were obviously estimations rather than derived from a
rigorous error analysis. (Most of the sigmas were 2700 for both the RA's
and DLC's,)

4. 1Initial Geodetir and Geocentric Datums and Coordinates

Most initial Furopean Datum 1950 (LD 50) ccordinates (Table 3) used
in the DMAAC adjustments were originally taken from the ED 50 coordinates
used by Cazenave, et al [9]. There were two distinct exceptions, however,
plus some changes specifically in the heights of certain of the stations:
the coordinates at Riga are tlhiose obtained from the results of Cazenave's
adjustment, and the coordinates at Helsinki (not used by Cazenave) were
taken from the NASA Divectory [3]. The changes were made in the initial
covrdinates at Delft and in the European Datum spheriodal heights at
Zimnmerwald, Malvern, Nice. and Dieonvsos as well as at Delft according to
the second edition of the NASA Directory of Tracking Station Locations [10],
Noverdher 1971, and as recommended in the report by Ehrnsperger, et al [6].
additicnal verification of station coordinates was made through the Geodetic
Ofiice, Feltham, Fngland by DMAAC's Research and liaison Activity.

The DYAAC ad justments, which are referenced to the 1969 Smithsonian

tooiavd iarth IT (SAO SEIT), use as initial coordinates the rectangular

8
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geocentric values taken from the adjustment results furnished in SAO
Special Report 315 [11)., These are given in Table 4. The Sa0 SE Il
eliipsoid has & semi-major axis of 6378155 meters and a flattening of
1/298.25. Since Station Helsinki was not used in the SAﬂ‘udjustment, the
NASA Directory coordinates (presumed for the purpose of coiversion to be
located on the Furcpean Datum) were converted to the SAO SE II. Consequently,
Helsinki was censtderably less constrained (to a 1000 meter spherical
allowance) to per=it free movement within the SA0 SE 11 adjustments and
negliptble influence to these adjustments.

It has been confirmed that the SAO code numbers given in Table 4
for Riga, Uzhgorod, Zimmerwald, and Delft refer to those same stations
(Table 3) as listed and coded in the NASA Directory and indicate the
same respective phvsical lecations {12). To aveid confusion, the NASA
code numbers are usod throughout the remainder of this report.
5. Origin and Baselines

Although Zimmerwald (8010), whici: is centrally located in the station
network and closer to the origin of the European batus, wcerned a best
choicve for the origin of the adjustment, Nice (8019) had narticipated in
138 acceptable events as conpared to the Y0 acceptable cvents at Zimmerwald,
thus making Nice the more attractive candidate,  Since Nice is also in
close proximity to the ceater of the netwerk, it was chosen as the origin,

The short chord Jistance (v 130km) between Haute Proverce (6015) and
Nice was held fized both to elininate the e:tects of a poor geometrical
relationship cristing hetween these stotions amd the <satellite flash
points gud to provide s:ale for tie network.  \ second adjustment held

tixed the chord distance between Zimmerwald and Nice in addition to the

10
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Haute Provence - Nice chord. The additional constraint improved the
precision of the resulting adjustment substantially as revealed in the
comparison of final sigmas (spherical error of internal consistency) for
each participant in the adjustment. These final sigmas and the a priori
sigmas for each adjustment made by DMAAC are given in Table 5.

6. Adjustment Results

The DMAAC adjustment results are presented in Tabhles 6, 7, 8, and
9. Results listed under "Height'" (geodetic) include the height of camera,
The initial ED 50 coordinates from Table 3 were used for the two
European Datum adjustrments. The initial geocentric coordinates from
Table 4 wer. used in the SAQ SE 11 adjustments. The standard errcr of
unit weight (representing the internal consistencv) for each of the four
adjustments was 10.2 meters. A total of 3065 acceptable coplanar conditions
was satisfied for use in each of the kuropean Datur adjustments.  (Multiple
events were treated as a combination of paii-.) This total was raised
slightly to 3076 acceptable coplanar conditions tor the SAQ SE I1I
adjustments.,
The constraints upon cach of the participant stations for each
adjustnment are indicated by the a priori sigma valuces assigned. See
Table 5. The use of an additional fixed chord in the second adjustments
(i.e. line 8010 - 8019) made a substantial improvement in the final f
sigmas but resulted in a deterioration of the clusures at some of the
stations. This occurred on both the ID 50 and the €AQ SE 11 datums and
is probablv due to the relaxing of the a priori sigmas at four stations.
The closure at San Fernande improved oo the Turopean Datum but degenerated

on the SA0 SE IT1 datum with the additional bascline.



6108 ©3 ST08 6103 ©3 c108

.

6108 03 (108 6108 23 S1ug 6105 ©21 Qlouk 6108 ©3 ¢[08

SQUITaseg PIXYd

B e L ]

7 T . _
—- | PoxH -- pPox14 -- . ponts ﬁ‘ - P g A8
8°S 070001 19 0°0001 | 8°S S 0TOOT L TRl 6Tk Ctrn
A 0001 6’8 07001 wC . 0 unl _ 6" A atoor ol
9°9 0" 00T €ET | ot00T - 9w i 0tuor M ST - 07001 1gh
"€ 0°00T $°8 0701 | ve0%000 . €TR 0 oo
9°€ 0°00t Z°6 0°01 m 9t ' oool m A O N LSS «
: _
€1 0°0T 71 RIS A SR NSNS S AT A S
$°€ 0°00T v°8 0'0T  + §C | 000! A R S TR
€1 001 6'¢ O S A T
1885 0° 00T L9 | 0ot [ Tt - 000U | Ly w oot ' ooz
TeuYd | F101d4 V| TeULd wumwmﬂAﬂh|4Mfﬂm-mwuwmwmmmnrﬂ, Aumwwuuﬁmemewuw_-zg-q..--m
IT y3iey piepue3s | 11 4aied pIepueis S a4 0¢ Ui juorIeas
auauasnipy puodsos | auouisnfpy 3satd | awowrsnipy puosas | aunasnlpy awaps f ]

s193ap uy sewdyg y[eurq pue 1i1olad v udwisnilpy

¢ d14el



Table ©

Results of First DMAAC European Datum 50 Adjustmwent

Station Latitude (¢) o¢ Longitude (4+) .T~"x (:zt:::) %
— - L . SR —— {
8009 52°00' 09.osN  [%v27| 04°22' 20!96E |t.19{ 29.9 |%s3.2
8010 46 52 40.37 .12 07 27 58.35 .07 9ns.1 3.6
8011 52 08 39.02 .27 1 358 01 59.86 { .45 123.6 8.2
8018 43 56 01.24 L6 05 42 49.3u0 .01 643.9 2.0
9004 36 27 51.24 .23 353 47 41.62 54| -17.3 6.9
9091 38 04 48.18 .21} 23 56 01.68 69 ] 452.6 6.9
9431 56 56 56.74 491 26 03 35.29 .72 -3.4 13.2
9432 48 38 04.34 .25 2217 57.93 .61 | 197.,4 7.3
9435 60 09 43.66 60! 24 57 10.22 .72 L, 28.9 . 15.6
L. . o .
Coordinate Differences (Adjusted Minus initial Covrdinates)
— e e e . e mm——— e m -1
T A+ —T % r AYH
Station i el Bt oo IR il
Sec ‘+ Meters Sec Meters Meters
—— - — - w— - --I - — +  —— - W A ———————
8009 -0.18 -4.6 Do : b, 9.2
8010 0.05 i 1.5 01y 2.3 4.8
8011 -0.10 ~-3.0 LI N 1.0 14.0
8015 0.11 1 3.3 (.02 04 .- 2.9
9004 ~0.13 =40 0047 -11.6 . -5.3
9091 -0.07 -2 0,07 1.7 e
9431 ~0.19 © =5, -1.56 ~2..2 -22.0
9432 -0.22 ; -8.; 11,005 1.0 ; 7.4
9435 l ~0.40 i 1003 LI AR -13.0 t-11.1
Compartson «f Chcrd Mistinies oo 7 ¢ (519
e (i ch ‘;':"' CoTTr oo T
ord . .tiaca Aot uted .

i Line J Srani-rd RIS '"i C e datiéa_.-_
8009-8019 ’ 944870. 4% 354ChT LT - 1:361204.
8010-8019 ; 350443.6 31534 45.5 1.0 1-178344.
8011-8019 ! 1160734.53 1307 vy -5.4 1:214795.
9004 -8013 ) 140033C.7 15005106 . PR 1:127449,
9091-8019 | 1528210.8 124217, L2 1:872113.
9&32 8019 1275133 3 LD S LIS - 1 3061‘69

— _— e e e e —— e -
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able 7

Resules of Second DMAAC European Datum 50 Ad justment

Height
Station Latitude (ﬁ)} a. Longitude (A) 9 (Metzrs) ox
8009 52°00' 08Y9IN | V12 [ o04°22' 21v01E l:U12| 29.7 ‘3.5
8010 46 52 40.31 | .04 | 07 27 58.3 | .06 905.1 1.3
8011 52 08 38.88 | .11 | 358 02 00.02 : .20| 123.2 3.3
8015 43 56 01.23 i .06 | 0542 49.29 1 01| ess.d 1.9
9004 36 27 S1.37 . .10 | 253 47 41.80 .20 -17.9 2.9
9091 38 04 4£.28 | .09 | 2356 01.42 .26 451.8 2.7
9431 56 56 56.55 A7) 2603 34,92 0 .25t 4.7 4.6
9432 48 38 04.27 10| 2217 57.66 221 19.8 2.9
9435 6G 09 43.42 23 257 09.79 32, 27,2 6.0

Coordinate

Differences (Adjusted Minus Initial

Coordinates)

| “H
Station ?( 2 ‘
Sec | Moters See Metors Meters
-
8009 -0.29 | -8.9 -0.19 | <36 9.0
8010 -0.01 -0.3 0.10 ! 2.0 4.8
8011 -0.24 -7.4 0.53 10.0 14.6
8015 0.10 3.0 0.02 0.4 =2.7
9004 0.00 0.0 -0.29 | -7.1 ~5.9
| 909l 0.04 1.2 -0.19 | 4.6 -7.3
D943l -0.38 -11.7 | -1.9% 1 3204 -23.3
9432 ~0.29 -8.9 . =0.22 : ~4.,0 6.8
9435 -0. 64 -19.7 Po-l.28 0 1346 -12.8
1 i .
Comparisen of Chord Distances from Nice (8019)
Line Chord Distance Ad justed Ratio
Standard Adjusted ~Standard
8009-8019 944870.4 944863 .4 6.9 1:136359,
8011-8019 1160734.5 1160723.9 -10.5 1:109566,
9004~3019 1400340.7 1400345.5 4.8 1:290931,
9091-8019 1528215.8 1528210.4 5.3 1:286595.
9432-8019 1275158.5 1275152.1 -6.3 1:199951.




- v -
Table §
Results of First DMAAC SAO Standard Earth II Adjustment
Height
Station Latitude (4) % Longitude (1) % | (Meters) | °H
8009 $2°00" 04.96N 2027 | 04°22' 15Y00E 119 37.9 1g.2
8010 46 52 36.62 121 07 272 S2.77 .07 i 919.4 3.6
8011 52 08 34.58 .27 1358 01 54.51 .45 | 138.4 8.2
80158 43 55 57.%56 .06 05 42 44.14 01 | 666.7 2.0
1 9004 36 27 47.66 .23 1353 47 37.15 .54 | 37.6 6.9
9091 38 04 4S5.70 .21 23 55 56.0y .69 l 455.1 T 6.9
| 9431 56 56 53.1 A9 1 26 03 27.13 72 ) £32.4 13,2
' 9432 | 48 38 01.30 251 22 17 51.30 .61 | 186.1 ! 7.3
9435 160 09 40.63 .60 | 24 SY 01.25 .83 4.3 15.7
| L ;J
% Coordinate Differences (Adjusted Mfnus Initial Coordinates)
{ ’ A¢ aA AH
[ Stntionh Sec [ Meters Sec Meters '  Meters
|
I 8009 -0.57 C-17.5 -0.05 | -0.9 8.9
;8010 0.12 ;3.7 | -0.05 ! -L.0 5.9
. 8011 -0.59 . -18.2 - 1.12 ! 21.2 7.0
~ 8015 0.29 8.9 0.06 1.3 -7.33
: 9004 1.05 32.4 1.05 26.0 -10.0
I 9091 1.05 32.4 ~1.38 -33.5 -4.2
! 9431 -0.95 ~29.3 ~2.76 . -46.4 -11.1
L} 9432 -0.15 L -4.6 -1.78 1 -16.3 b 1.8
| {
Comparison of Chord Distances from Nice (8019)
Chord Distance Adjusted ]
* R
Line Standard [ Adjusted -Stanatd atlo
| ' |
- 8010-8019 350427.2 ! 350431.2 | 4.0 1:87340. .
‘ ' 8009-8019 944845.3 i 944829.2 -16.0 1:58982. !
8011-8019 1160706.4 1160679.8 , -26.5 1:43654. |
9432-8019 1275140.3 1275104.9 ' -35.3 1:36055. |
| 9904-8019 1400336.6 1400295.0 : ~41.5 1:33674. )
| 9091-8019 1528200.3 1528154.9 ! -45.3 1:33683.
© 9431-8019 1876526.6 1876471.8 | -54.7 1:34281.
L . B o -
' *0Ordercd by length of line.
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Table 9

Resunits of Second DMAAC SAO Standard Earth II Adjustment

Station Latitude () oy Longitude (\) o) Height oH
(Meters)
800Y 52°00' 04V65N +V12 04°22' LSV10E V12 37.4 3.5
8010 46 52 346.49 .04 07 27 52.73 .06 919.3 1.3
8011 52 08 34.28 .11 | 358 01l 34.18 .20 137.3 3.3
8015 43 55 57,53 .06 05 42 44,13 .01 666.9 1.8
9004 36 27 47.94 .10 1353 47 38.17 .20 36,2 2.9
9091 38 04 45.94 .09 23 55 55.51 .20 453.1 2.7
9431 | 56 56 53.28 .17 2% 03 26,30 .25 -35.2 4.6
9432 48 38 ot.le : .10 22 17 530.08 .22 184.8 2.9
9435 60 09 40.10 : .23 24 57 00.29 .32 -8.2 6.0
Coorcdinate Differences (Adjusted Minu: initial Coordinates)
| X
| Station . J S A
Sec i Meters Sec Meters | Meters
+ f
l 8009 ~0.88 vo-27.1 0.05 ! 0.9 ! 8.4
: 8010 -N.01 i -0.3 -C.09 | -1.8 5.8
| 8011 -0.89 : =27.4 1.50 28 .4 ! 5.9
l 8015 0.26 i 8.0 0.05 1.1 : ~7.1
| 9004 1.33 i 41.0 1.47 36.4 | -11.3
9091 1.29 : 39.8 -1.96 ~47.6 -6.2
I 9431 [ -1.38 { -42.6 =3.59 -60.4 i -13.9
9432 i -0,29 : -8.9 =2.40 -48.9 0.5
: L |
Comparison of Chord Distances from Nice (8019)
*Line Chord Distance -gg;:zgig 3 Ratio
Standard Ad justed
8009-8019 964845.3 944819.5 -25.7 1:36700.
8011-8019 1160706.4 1160668.0 -38.3 1:30258.
9432-801Y 1275140.3 1275091.4 -48.8 1:26078.
9004-8019 1400336.6 1400281.2 -55.3 1:25293.
9091-8019 1528200.3 1528138.8 -bL.b 1:24862.
9431-8019 L876526.6 1876452.2 -74.3 % 1:25223.
*Ordered by length of lire.
17




7. Apnalysis of Results (ED 50)

Of the seven Western European stations in the ED 50 adjustments
(barring mention of Helsinki, Riga, and Uzhgorod for the moment), Malvern
wanted to move more than expected., Although Malvern !ies on the perimeter
of the station configuration, the geometry of its location with respect
to the other six is better than that for Dionysos or San Fernando. As for
the quantity of data between Malvern and the others, it cannot compare, for
example, with San Fernando, but the amount that was used (Table 2) was
suf ficient, Not only does the quantity support the sufficiency conclusion,
but so also does the quality of the Malvern data which appeared relatively
good. This relative goodness was evident in the pre-adjustment editing
phase and in the size of the residuals from the adjustment which reflect
how well the coplanar condition was met by data from a simultaneous
observation between two stations. The residuals averaged out to 5.3 meters
for the observations between Malvern and the {ive Western European stations
observed by Malvern. (Malvern did not observe GL0OS 11 simultaneously with
Dionysos.)

0f the three additional stations (Riga, Uzhgorod, aud Helsinki), Uzhgorod
nas the bect fit with its initial ED 50 coordinates. The following tables
(Tables 10 and 1)) show tlhe number of events and average residuals for events
occurring between co-oubservers with Stations Riga (Table 10), which compared
rather poorly with its initial coordinates, and Uzhgorod (Table 11), which
agreed w21l with its initial ED 50 coordinates. The comratibility between
residuals in the two tables (where the lines are arranged in order of increasing

lengths) is good, indicating that the iaternal consistency of the

18




Table 10

Averages of the Residuals
From Geometric Adjustment of
GEOS 11 Events -~ Station Riga (9431)

Residual Averages
Line Events (Meters)
9431 - 8009 5 6
9431 - 8010 16 10
9431 - 8011 4 10
9431 - 8019| 25 10
9431 - 8015 13 9
9431 - 9091 ! 7 12
9431 - 900Af 12 14
Table 11
Averages of the Residuals
From Geometric Adjustment of
GEOS 11 Events —- Station Uzhgorod (9432)
Line l ‘Mﬁvents Residual Average;T
- -k - (Meters)
i
9432 - 8010, 9 7
94732 - 9091 12 8
947132 - 019 9 7
94132 - 8009 B 10
Y412 - 8015 3 9
9432 - KOl 4 12
Y43l - 9004 11 173




adjustment for Riga is about equivalent to that for Uzhgorod.

Marsh, et al (1971) [13] included a table (Table 7) in which they
compared differences between chords determined with ED 50 coordinates
and those resulting from three different "satellite' solutions. The
satellite solutions were made by Cazenave, et al (1971) [9] in France,
Marsh, et al (GSFC), NASA, and Gaposhckin ind Lambeck (1970) (SA0) [11].
As a matter cof interest, Table 12 below compares the chord differences
computed by the French, GSFC, and DMAAC. To make the comparison, DMAAC
computed chords between San Fernando and seven other stations. Riga and
Helsinki were not included because their initial coordinates (Table 3)
did not compare favorably with the DMAAC adjustments.

Table 12
Chord Differences to San Fernando (9004)

Survey (ED 50) - Satellite Adjustment
in Meters

o ' ] TTDMAAC MAAC
Station French CSFC DMAAC D
o ) 1 No 1 No 2
Haute Provence (5015) ~-17.8 -15.9 -12.9 -6H.4
Nice (3019) ~15.5 -13.6 -10.9 -4.8
Zimmerwald (6010) -15.0 -13.9 ~-13.4 -5.8
Malvern (8011 -12.6 -10.1 - 5.6 2.4
Delfe {(s800Y) - bh.b - Y.4 ~ 2.4 ‘ .2
Dionvsos (909 1) ~-25.0 -11.0 -11.0 0.3
U zheorod (9431 2100 -17.9 ~10.6 I 1.4
’ ' l ]
S L. - IS S I SR
The marked difteronee hoetuoen e Firt o D) and seeond (No 2)
UL el te i et e ditrerences ta aa Fernando (Tabde
Sartiher el g Cocto et ive dmprovesaent oo San Pernando's
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globe, whereas the European Datum is a geodetic adjustment for a limited

area. Gaposchkin and Lambeck do state that the SAO SE II reference

ellipsoid is probably "too large by about 15 meters."
CONCLUSIONS

The instrumentation used at Riga and Uzhgorod for acquiring optical
data, along with their platec measurements and reductions, has produced
satellite data precise enough for accurate geodetic work.

With respect to ED 50, the position determined for the camera station
at Riga, in the first DMAAC adjustment, could be the most accurate of
those produced by investigators using satellite data. No similar claim
can be made for Helsinki because of fairly weak geometry. The initial
coordinates fér Uzhgorod seem to be good.

The adjusted longitude for San Fernando, in the first DMAAC adjustment,
appears to be weak. The station was on the perimeter and there were only
three events between it and Malvern creating a weak geometric tie. Adding
extra strength in the form of another baseline moved the station into
better relative agreement.

The initial geodetic height (ED 50) used for Malvern is questioned.
Results from the two adjustments show that a value above 120 meters would

be more accurate than the 108.6 meters (Table 3) emploved.
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